Introduction
Over the last two decades, natural resource scientists, managers, and policymakers have increasingly endorsed "adaptive management" of land and natural resources. Indeed, this approach, based on adaptive implementation of resource management and pollution control laws, is now mandated in a variety of contexts at the federal and state level. Yet confusion remains over the meaning of adaptive management, and disagreement persists over its #3&0#A$&33'"/'0&73(@(A(,B'($'3>&;(?;';"$,&G,3C' H(,-'(,3'&6>-73(3'"$'7%D#3,($2'6&,-"%3'@73&%'"$'3B3,&67,(;' monitoring of ongoing results, adaptive management recognizes the inherent uncertainty that complicates natural /&3"#/;&'67$72&6&$,'&00"/,3'7$%'"00&/3'7'3,/7,&2B'0"/'?AA($2' information gaps. However, documented instances of successful adaptive management of public resources are rare. Funding structures and agency cultures often stand in the way of learning. Furthermore, unless carefully designed, adaptive management programs threaten management accountability and can be used to avoid politically controversial limits on economic activity.
Making Good Use of Adaptive Management
What Is Adaptive Management? The 
The Elements of Adaptive Management
The essence of adaptive management is a commitment to learning and a systematic 7>>/"7;-',"'%"($2'3"C'P&,7(A&%'%&?$(,( Q' R$'"4&/7/;-($2'2"7A',"'reduce uncertainty over time.
A distinction is often made between "active" and "passive" adaptive management. In active adaptive management, management actions are designed as experiments to test hypotheses
on sensitive species might decide to log some areas while leaving others untouched. Passive adaptive management does not rely on deliberate experiments, instead choosing the strategy ,-"#2-,'6"3,'A(F&AB',"'E"/F'@#,'#3($2'6"$(,"/($2',"'($0"/6'/&?$&6&$,'"0 ',-&'>/&%(;,(4&' models and updating of the management hypotheses. In a passive adaptive management 3,/7,&2B+'0"/&3,'67$72&/3'E"#A%'(6>A&6&$,'>"3,V?/&'A"22($2'($',-&'A";7,("$3'7$%',"',-&' extent they believe it will promote desired forest conditions. They would intensively monitor the outcome and be prepared to learn that at least some elements of their initial decisions were mistaken. Both active and passive adaptive management should be distinguished from ordinary trial-and-error, a less structured decision-making approach in which management interventions are tried seriatim, evaluated on an ad hoc basis, and either retained or discarded based upon a general assessment of how well they achieve their goals.
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Adaptive management is frequently coupled with collaborative or consensus-based decision-making. The two are, however, conceptually distinct. Adaptive management is a >/";&33'0"/'A&7/$($2'7$%'7%D#3,($2'67$72&6&$,C'W$',-&"/B+'(,';7$'@&'#3&%'E(,-'7$B'3"/,'"0 ' decision-making process that the particular management context permits. Consensus-based "/';"AA7@"/7,(4&'67$72&6&$,'>/";&33&3'7>>AB'3>&;(?;'>/";&%#/&3',"'67F($2'67$72&6&$,' decisions, engaging a variety of stakeholders and attempting to reach consensus rather than imposing actions in a top-down way.
X7$72&/3'3-"#A%'&G&/;(3&'3>&;(7A';7#,("$'($'#3($2'7%7>,(4&'67$72&6&$,'($';"$D#$;,("$' with consensus-based decision making because the need for consensus adds a potentially insurmountable barrier to changing management direction in response to new information. Adaptive management provisions, for example, are increasingly popular in hydropower relicensing settlement agreements, which often have a very large number of parties. Some settlement agreements require that all parties agree on changes to management in response to monitoring data.
learned or what changes are desirable.
Adaptive Management in Practice
Since the mid-1990s, the concept of adaptive management has held a prominent place in natural resource management policy in the will be accomplished, exactly how it will improve management decisions, and how managers E(AA'@&'-&A%'7;;"#$,7@A&',"'3,7,#,"/B'2"7A3Z,B>(;7AAB'7/&'$",'7%%/&33&%C'R3'7'/&3#A,+' in many cases the term "adaptive management" has become at best uninformative and at worst a smokescreen for unbounded agency discretion and a wobbly commitment Adaptive management can help address two challenges common to environmental problems:
highly complex and poorly understood. Gaps in baseline data are common. Furthermore, many natural processes and systems are inherently dynamic and non-linear, producing unforeseen and even unforeseeable changes in the natural system on a human time scale. Superimposing rapid global climate change on systems that were already dynamic has made the situation even more complicated.
management strategies that will achieve applicable management goals. Those circumstances call for provisional management decisions and the structured learning adaptive management can provide. Adaptive management is especially appropriate when uncertainties make 67$72&6&$,';-"(;&3'%(0?;#A,+'@#,',-&'>/"3>&;,3'0"/'/&%#;($2'#$;&/,7($,B'7>>&7/'2""%C
Adaptive Management Is Not Always the Answer
Adaptive management should only be used in contexts where it is likely to improve 
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Because of these costs, adaptive management should not be undertaken lightly. Managers should not assume that it is the right strategy for every management context. W,'3-"#A%'@&'#3&%'"$AB'(0 ',-&'67$72&6&$,'(6>/"4&6&$,3'(,'>/"6(3&3'"4&/',(6&'D#3,(0B' the trade-offs it imposes.
When to Use Adaptive Management
In order to ensure that adaptive management is employed only where it is appropriate, before deciding to implement it, resource managers should undertake, and policymakers should require, an explicit, formalized analysis of the prospects for learning and its expected value for management. That analysis, which should be reviewed by leading technical experts outside the management agency and periodically re-examined, can serve valuable internal and external ends. Internally, it can force managers to confront their assumptions about the system and their information needs, providing the kind of intellectual discipline that prepares the groundwork for learning. A thorough pre-adoption review of the prospects for adaptive management can lead to a better adaptive management program if one is ultimately Q' Information gaps. Adaptive management is useful only if learning is needed in order to achieve management goals. Unless information gaps limit resource managers' ability to evaluate their choices, they do not need adaptive management
natural systems, this requirement will rarely turn policymakers away from adaptive
identifying information gaps focuses attention on areas where learning would be
and how it might be obtained.
Q' Good prospects for learning. The second requirement for successful adaptive management is the ability to learn. Adaptive management will not improve management outcomes unless important information gaps are narrowed over time. The next step is articulation of a model of the managed system. The model need not be elaborate. Depending upon the management goals and level of knowledge at the start, it can be as simple as a schematic diagram or brief narrative, or as elaborate as a detailed computer model. Its function is both to discipline managers' thinking and to make that thinking accessible to stakeholders. It should highlight key elements of the system for management purposes, their interconnections, their relationship to the management goals, and their expected response to management alternatives. It should explicitly acknowledge uncertainty and competing hypotheses.
Determining the Usefulness of Adaptive Management
Making Good Use of Adaptive Management ."6>7/($2',-&'6"%&A',"'67$72&6&$,'"@D&;,(4&3'3-"#A%'-(2-A(2-,'E-7,'67$72&/3'-">&' to learn through adaptive management. In particular, it should make apparent the areas of uncertainty or competing hypotheses that are important to achieving the desired management outcomes.
The regulation of duck hunting in the United States is a longstanding and relatively successful example of adaptive management. 9 The management goal is sustainable harvest; therefore, the key management question is how hunting mortality will affect population abundance and productivity. The key uncertainties are whether most of the birds killed by hunters would have died from other causes or whether their deaths must instead be added to natural mortality; and the extent to which reproduction declines with increasing population density. 10 Using mathematical models corroborated by comparison to monitoring data, researchers showed in 1996 that harvest levels could be deliberately varied to distinguish between the two possibilities, and thus accelerate learning.
11
There are often trade-offs between learning and resource protection, however. In the duck hunting example, harvest levels that would produce the fastest learning also posed the highest risk to the population. Those trade-offs must be evaluated in context. A variety of decision analysis tools can be used for that purpose. 12 Managers should have some '7 ,'E-(;-'>&&/'/&4(&E';7$'@&'6"3,'-&A>0#A+' and is least likely to be perceived as a threat to agency autonomy or authority. Peer review can sharpen the agency's attention to gaps in its knowledge, unrecognized assumptions, and new or emerging methodologies.
Reviewers should have independence from the agency's mission, culture, and process, so that they are able to take a fresh look at, and demand a clear explanation of, the problem. They should, however, have enough support from agency leaders to ensure that agency personnel take the peer review process and resulting critiques seriously. Ideally, a standing review committee would periodically evaluate progress. Managers who must report every year to the same review committee are more likely to seriously address that committee's concerns than those who receive a one-time report but will never be faced with tough follow-up questions. Adaptive management programs should always include features designed to increase the probability that management will generate useful learning, ensure that management agencies remain accountable for meeting their statutory goals, and reduce the likelihood that political pressures will turn management from those goals. Four principles should guide the development of any adaptive management program. We articulate these principles below, E(,-'3>&;(?;'/&;"66&$%7,("$3',"'(6>A&6&$,',-&6C
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Tailor the Strategy to the Problem
To begin with, management goals must be as clear and explicit as possible. Some proponents of adaptive management argue that the goals themselves should be evaluated and reconsidered as part of the adaptive management cycle. However, management goals for public or quasi-public natural resources are most appropriately determined in the policy arena. These goals are a function of social values, not of technical understanding. Adaptive management is the forum for technical experts with time to devote ," ' Before implementing it, they should identify relevant uncertainties in the understanding of the system that additional information might reduce; consider the costs and time frame for developing that information; and articulate what management changes could be made in response to revised understanding.
Managers considering adaptive management should also think proactively about the particular challenges an adaptive management program may face in a particular context. If, for example, some impacts of a proposed action may be irreversible, managers should authorize or take the action incrementally, so that there is an opportunity to learn and correct before the impacts are too severe. If there are limits on the ability to correct after the fact, opportunities for correction should be built into the initial approval.
Making Good Use of Adaptive Management Ensure Accountability and Enforceability
Adaptive management is premised on the promise that management direction will be changed as needed to account for new information or altered circumstances. But change 
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Finally, the adaptive management plan must be adopted in a way that makes it not only binding on the management agency but enforceable by interested citizens. In the absence of an enforceable commitment to act, interested citizens may encounter virtually (6>&$&,/7@A&'D#%(;(7A'/"7%@A";F3'(0 ',-&'%&;(3("$',"';-7$2&'67$72&6&$,'%(/&;,("$'"/'$",'(3' viewed as a matter entirely within the agency's discretion. 17 Natural resource management agencies often face intense and asymmetric political pressures. The costs of conservation tend to be focused on a small community of resource users. Not surprisingly, the resource
conservation measures. In that context, citizen enforcement can be a crucial mechanism for keeping agencies true to statutory mandates.
Promote Directed Learning
will improve management and take advantage of those opportunities. Systematic learning requires that managers have an explicit model of the system. The model need not be elaborate; a basic conceptual model can effectively highlight key uncertainties. It need only clarify hypotheses or expectations about the system and the relevance of those expectations to management. It is important that both the model and the starting assumptions about the system be made available to the public and that the entire process of learning about the 3B3,&6'@&',/7$3>7/&$,+'($%&>&$%&$,'"0 '>"A(,(;7A'D#%26&$,3+'7$%';/&%(@A&C Using their model of the system, managers should identify needed data. Systematic monitoring to collect that data is essential to adaptive management, but monitoring should not be treated as an end in itself. Data must not sit on a shelf. The learning effort must include systematic and ongoing data interpretation and evaluation, as well as data sharing within and between agencies so that learning diffuses from one action to others. 
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Conclusion
Adaptive management is a promising strategy for many resource management problems. It offers a means of approaching information gaps that otherwise might be paralyzing, and (,'/&6($%3'#3',-7,'67$B'(,&/7,(4&'%&;(3("$3';7$'@&$&?,'0/"6'7;,(4&'A&7/$($2'7$%'/&V&47A#7,("$C' Nonetheless, adaptive management is not a magic bullet. It adds costs, can undermine accountability, and can prolong or heighten controversy. 
